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1.0  INTRODUCTION 

1.1 General Overview 

Montrose Air Quality Services, LLC’s Newburyport, MA office (MAQS Newburyport/Montrose) was 
retained by Milton CAT Power Systems to perform emission testing services on their behalf for two 
diesel engines (Engine Nos. 1 and 2) operating at wTe Recycling Incorporated’s Greenfield, MA 
facility.  wTe operates two existing large diesel mechanical drive reciprocating engines which are 
regulated under the “National Emission Standards for Hazardous Air Pollutants (NESHAP) for 
Reciprocating Internal Combustion Engine (RICE) Maximum Achievable Control Technology (MACT) 
regulations”.  Specifically, both engines are classified as existing non-emergency, non-black start 
Compression Ignition (CI) engines (diesel) operating at an area source of Hazardous Air Pollutants 
(HAPs).  

The objective of the emission test program was to document the compliance status of each engine 
with respect to the applicable limits presented in Table 2d, (>500HP) of 40CFR Part 63, Subpart 
ZZZZ.  It should be noted that prior to the test program each engine was retrofitted with an 
oxidation catalyst (by Milton CAT).  All testing was conducted in strict accordance with the 
previously submitted test protocol, Environmental Protection Agency (EPA) guidelines, the EPA 
Quality Assurance Handbook and the individual EPA Methods as found in 40 CFR 60, Appendix A.  
A summary of the parties involved in this test program are presented in Table 1-1. 

1.2 Program Overview 

Emission testing for each engine was comprised of three 60-minute test runs simultaneously conducted 
at the inlet and outlet of the control device (catalyst) while the respective engines were operating at 
maximum normal operating conditions.  Each test run was comprised of Continuous Emission 
Monitoring System (CEMS) measurements for Oxygen (O2) and Carbon Monoxide (CO) in accordance 
with EPA Methods 3A (O2) and 10 (CO).  All CO emission rates were corrected to 15%O2 on a dry 
concentration basis (ppmvd) prior to comparison with the applicable emission standard(s).  A summary 
of compliance results are presented in Table 1-2. 

1.3 Report Organization 

The remainder of this final report is organized into four additional sections.  Section 2 presents a 
summary of emission results on an individual run basis.  Source and traverse point summaries are 
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presented in Section 3.  A description of the flue gas monitoring procedures is provided in Section 4, 
while Section 5 addresses the quality assurance/quality control aspects of the program. All supporting 
emission calculations, field data sheets and process data for Engine Nos. 1 and 2 are presented in 
Appendices A and B, respectively.  Lastly, all quality assurance/quality control documentation is 
presented in Appendix C.  
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Table 1-1 Test Program Informational Summary 

Source Information 

Facility Name: 

Facility Address: 

 

Facility Contact: 

Phone: 

Email: 

wTe Recycling, Inc. 

75 Southern Avenue 

Greenfield, MA  01302 

Mr. Christopher Pichette 

(413) 772-2200 

cpichette@wTe.com 

Client Information 

Test Organization: 

Contact: 

Phone: 

Email: 

Milton CAT Power Systems 

Mr. Sten Levin 

(508) 482-5703 

Sten_levin@miltoncat.com 

Test Firm Information 

Test Organization: 

Address: 

 

Contact: 

Title: 

Phone: 

Email: 

Montrose Air Quality Services 

2 New Pasture Rd., Unit 5 

Newburyport, MA  01950 

Mr. David Caron, QSTI Groups 1-4 

Client Project Manager 

(978) 499-9300 x11 

dcaron@montrose-env.com 

EPA Information 

Organization: 

Address: 

 

 

Contact: 

Phone: 

Email: 

USEPA, Region 1 

Region 1, New England 

11 Technology Drive 

N. Chelmsford, MA 01863 

Mr. William Osbahr 

(617) 918-8389  

osbahr.william@epa.gov  
 

 

mailto:cpichette@wTe.com
mailto:sten_levin@miltoncat.com
mailto:dcaron@montrose-env.com
mailto:osbahr.william@epa.gov
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Table 1-2 Compliance Summary – Engine Nos. 1 & 2 

Source Pollutant 

Test Result Compliance 

ppmvd@15%O2 
Removal Eff. 

(%) 
Limits Status 

Engine 1 
CO 

17.43 87.30 ≤23ppmvd@15%O2; 
or ≥70% removal 

efficiency 

Pass 

Engine 2 19.48 90.89 Pass 
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2.0  EMISSION SUMMARIES  

2.1 Emission Summaries – Engine Nos. 1 and 2 

As previously discussed, emission testing was comprised of three 60-minute test runs.  Each test run 
included simultaneously measurements for COppmvd@15%O2 at the inlet and outlet of the catalyst 
while the engine operated at maximum normal operating conditions (see Section 2.2 for further detail).  
Diluent (O2) and pollutant (CO) measurements were made throughout the test program in accordance 
with EPA Methods 3A and 10, respectively.  A summary of the test parameters are presented in Table 2-
1, while a summary of the test results on a run by run basis for Engine Nos. 1 and 2 are presented in 
Table 2-2 and 2-3, respectively.    

Table 2-1 Summary of Test Parameters and Run Configuration 

Source Test Locations 
Test 

Parameters 
EPA Test 
Methods 

No. of Runs Run Duration 

Engine Nos. 1 
and 2 

Inlet and outlet 
CO 10 3 60-minutes 

 O2 3A 3 60-minutes 

 

Table 2-2 Individual Run Summary – Engine 1 

Removal
(O2) (O2) Efficiency

Start Stop (%,vd) (ppmvd) (ppmvd@15%O2) (%,vd) (ppmvd) (ppmvd@15%O2) %
Run 1 25-Apr-17 10:32 11:32 9.74 267.8 141.64 9.70 32.96 17.37 87.74
Run 2 25-Apr-17 11:50 12:50 10.10 232.9 127.23 10.09 31.18 17.01 86.63
Run 3 25-Apr-17 13:05 14:05 9.54 276.7 143.65 9.47 34.68 17.91 87.53

9.79 259.1 137.51 9.75 32.94 17.43 87.30Averages:

Inlet Concentrations

Run ID Date
Run Time

Outlet Concentrations
(CO) (CO)

 

Table 2-3 Individual Run Summary – Engine 2 

Removal
(O2) (O2) Efficiency

Start Stop (%,vd) (ppmvd) (ppmvd@15%O2) (%,vd) (ppmvd) (ppmvd@15%O2) %
Eng. 2 - Run 1 26-Apr-17 7:50 8:50 9.94 451.9 243.33 9.86 38.80 20.74 91.48
Eng. 2 - Run 2 26-Apr-17 9:05 10:05 10.27 393.9 218.59 10.15 35.32 19.39 91.13
Eng. 2 - Run 3 26-Apr-17 10:23 11:23 10.47 326.1 184.42 10.38 32.68 18.32 90.07

10.23 390.6 215.45 10.13 35.60 19.48 90.89Averages:

Inlet Concentrations

Run ID Date
Run Time

Outlet Concentrations
(CO) (CO)
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2.2 Process Data 

RICE MACT requires that certain parametric monitoring data be continuously monitored to track 
continuous compliance with RICE MACT based on the initial data collected during the compliance 
tests.  In order to set the compliance operating parameters for each engine, Montrose documented 
the following parameters at the onset of each test run and then at 15 intervals thereafter. 

1. Engine RPM, 1-hr averages – recorded for engine panel 

2. Catalyst Inlet Temperature, 1 –hr averages – recorded from Catalyst Monitor 

3. Catalyst Inlet Temperature, instantaneous – from a Montrose thermocouple 

4. Catalyst Delta P maximum (peak) per run – recorded from Catalyst Monitor.  

It should be noted that these parameters will continue to be monitored by wTe as an indicator of 
continuous compliance.  Due to operating load fluctuations intrinsic to shredding, the DP set point for 
action (as required by line 2a in Table 2b to subpart ZZZZ of Part 63) is based on the peak 
measurement read during the compliance test runs.  These values were 1.0 and 1.8 inches of water 
for Engine Nos. 1 and 2, respectively (See appendices A4 and B4).  

5. Engine hours at end of test 

The shredder was operated under maximum normal operating conditions with Muni-ferrous as the 
feedstock.  In order to verify that the shredder was operated normally during the emissions tests, the 
test processing rates have been compared to the 2016 average daily processing rates for Muni-ferrous.  
The mean 2016 Muni-ferrous processing rate was 68.77 tons per hour with a standard deviation of 
11.17.  As part of this test program, the average hourly test input rates have been verified to be within 
one standard deviation of the 2016 average, or between 57.60 and 79.94 (or greater) net tons per hour 
(tph).  As the input rate falls within this range (actual value of 59.2 tph), the engines are considered to 
have been tested at their maximum normal operating loading condition.  Documentation of the 
throughput for the test program is presented in Appendices A4 and B4 for Engine Nos. 1 and 2, 
respectively. 



Milton CAT – Greenfield, MA Test Site 
Subpart ZZZZ Compliance Testing, Diesel Engine Nos. 1 & 2 – Final Report 

 

 

 
Test Dates: 04/25-26/17 
\\Nbp-nas01\nbp\MAQS Newburyport\Clients\_Pre 2017 Projects\2015 Projects\15-093\REPORT\Final Report 15-093.doc 

3-1 

3.0  SOURCE AND SAMPLING POINT DESCRIPTIONS  

3.1 Source Descriptions 

Specification summaries for the engines tested during this test program are presented in Table 3-1.  In 
addition, pictures of the Engine Nos. 1 and 2 test locations are presented in Figures 3-1 and 3-2, 
respectively.  

Table 3-1 Engine Specifications – Engine Nos. 1 and 2 

Source Model No. Serial No. 
Approx. date of 

construction 
Output (bhp) 

Caterpillar Diesel 
Engine No. 1 

3516 71Z00261 Nov. 1987 1665 

Caterpillar Diesel 
Engine No. 2 

3516 71Z00289 June 1990 1355 

 

3.2 Sampling Point Description - Inlet 

All inlet sampling was conducted in ports that were installed prior to the catalyst.  As discussed onsite 
with the MassDEP representative, traversing these test locations was not possible due to safety concerns 
while the engines were operating.  As such, sampling for each inlet was conducted in the centroidal 
area. 

3.3 Sampling Point Description - Outlet 

All outlet sampling was conducted in test ports installed following the catalyst.  The test ports were 
located at least 2 equivalent diameters downstream of the catalyst and at least 2 equivalent diameters 
upstream of the horizontal stack exit.  A stratification check was performed at each outlet stack location 
in accordance with EPA Method 7E by conducting a three point stratification check (16.7, 50.0, and 83.3 
% diameter). 
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Figure 3-1 Picture of Test Location – Engine No. 1 

 

 

 

 

Outlet test port                         
(1/2” NPT plugs) 

Inlet test port                         
(1/2” NPT plugs) 
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Figure 3-2 Picture of Test Location – Engine No. 2 

 

 

Inlet test port                         
(on backside of catalyst) 

Outlet test port                         
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4.0  TEST PROCEDURES  

4.1 Overview 

This test program consisted of conducting a set of three test runs for each of two engines while the 
respective units were operated at maximum normal operating conditions.  Each test run required CO 
emissions to be calculated on a ppmvd@15% O2 basis.  The following subsections address the specifics 
of each test methodology that were adhered to throughout the test program.  

4.2 CEMS Test Procedures 

This section outlines all procedures associated with the CEMS portion of the test program. 

4.2.1 CEMS Sampling and Calibration Procedures 

The reference method CEMS analyzers were calibrated through both a direct and system calibration 
procedure in order to ensure the validity of all data collected.  First, each instrument was calibrated 
directly (not through the system) with zero and two upscale points, as follows: 

1. Deliver zero gas to respective analyzers until stable response is obtained, then adjust each 
analyzers zero potentiometer or equivalent to read as close to zero as possible. 

2. Deliver span (highest value) gas to respective analyzers until stable response is obtained, then 
adjust each instruments span potentiometer or equivalent to read as close to the cylinder value as 
possible. 

3. Deliver mid-level gas to respective analyzers until stable response is obtained, then calculate if the 
observed value meets 2% linearity criteria specified by the method.  If the calibration meets the 
linearity criteria, then proceed to system calibration procedures.  Otherwise, take corrective action 
and repeat direct calibration procedures for analyzers not meeting the linearity criteria. 

Following a successful direct calibration of the instruments a system calibration was conducted, as follows: 

4. Deliver zero gas through the entire sampling system, record the respective analyzer responses 
and calculate the respective analyzers calibration biases.   
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5. Deliver a representative upscale calibration gas through the entire system, record the respective 
analyzer responses and calculate the respective analyzers calibration biases.   

If initial bias criteria were satisfactorily met, a sampling run was initiated following a sufficient purge of the 
sampling line with stack gas (a minimum of twice the system response time).   Following each sampling 
run a subsequent system calibration was conducted as follows: 

6. Deliver zero gas through the entire sampling system, record the respective analyzer response and 
calculate the respective analyzers calibration drift and biases.   

7. Deliver a representative upscale (same gas cylinder as step 5) calibration gas through the entire 
system, record the respective analyzer responses and calculate the respective analyzers 
calibration drift and biases.   

If all linearity, calibration drift, and calibration bias criteria were met then the collected data was 
considered valid.  Each test run was required to be bracketed by system calibrations.  If calibration 
criteria were not met, the data collected would not be considered valid, corrective action would have 
been taken and all calibration steps would have been repeated.  

4.2.2 Pollutant/Diluent Monitoring 

In general, the sample was extracted, analyzed, and recorded in accordance with the applicable 
instrumental analyzer procedures.  All calibrations were conducted utilizing EPA Protocol gases.  The 
results of calibrations were used to determine the acceptability of the test data.  Each analyzer used 
during this test program is detailed below.   

4.2.2.1 Oxygen 

During this test program, oxygen was monitored in accordance with EPA Method 3A, 40 CFR 60, 
Appendix A.  Montrose complied with instrumental analyzer procedure 3A utilizing both a California 
Analytical Instruments (CAI) Model 600 paramagnetic oxygen analyzer operated on a 0-25% range, as 
well as a Teledyne Model 326A micro fuel cell analyzer also operated on a 0-25% range. 
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4.2.2.2 Carbon Monoxide 

Carbon Monoxide emissions were monitored in accordance with EPA Method 10, 40 CFR 60, Appendix 
A.  Montrose complied with Method 10 utilizing two TECO Model 48 NDIR analyzers operated on either 
a 0-100ppm (outlet) 0-1,000ppm (inlet) range. 

4.2.3 CEMS Sampling System Description 

What follows is a description of the reference method CEMS that was used to quantify each of the 
diluents/pollutants during this test program. 

4.2.3.1 Sample Delivery and Conditioning System  

• Sample Probe – An unheated stainless steel probe of sufficient length to reach the required 
sampling points.    

• Filter - A spun glass fiber filter contained in a heated sheath.  The filter is located between the 
sample probe and sample line, it is designed to remove particulate from the gas stream. 

• Sample Line - 3/8” Teflon tubing in a heated sample line designed to transport the sample 
gas from the probe to the sample conditioning system (in the CEMS trailer). 

• Condenser – A thermo-electrically designed chiller is located just prior to the main sample 
pump.  It is designed to reduce the dew point of the gas stream to 40 degrees F.   

• Sample Pump - A diaphragm type vacuum pump to draw gas from the probe through the 
conditioning system and to the analyzers.  The pump head is stainless steel, the valve disks 
are Viton and the diaphragm is Teflon coated. 

• Sample Distribution System - A series of flow meters, valves and backpressure regulators 
allows the operator to maintain constant flow and pressure conditions during sampling and 
calibration. 

4.2.3.2 Calibration System 

• Calibration Gases – EPA Protocol Gases certified in accordance with EPA Protocol G1 
procedures. 
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• Calibration System - A series of manual valves designed to deliver a specified gas either 
directly to an analyzer or through the entire sampling system by activating the appropriate 
valve sequence. 

• Calibration Line – Teflon line (1/4”) run in parallel to the sample line. 

• Calibration Tee - Stainless steel tee (3/8”) located between the probe and the filter that allows 
the operator to inject calibration gas through the entire sampling system.  Excess calibration 
gas exits the probe eliminating any potential over pressurization. 

4.2.3.3 Data Acquisition System 

• Computer – A Dell Inspiron 1720   

• Software – Iotech data acquisition system (DAQ 56).  This system is programmed to collect 
data once per every two seconds, while reporting 1-minute averages.  This software operates 
in a Windows environment.  
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5.0  QUALITY ASSURANCE / QUALITY CONTROL  

5.1 Overview 

Montrose Air Quality Services (MAQS), its management, and employees are committed to consistently 
providing the highest quality services to our clients that is delivered with honesty and integrity. These 
services result in data that are accurate, precise, timely, and legally defensible in support of our clients’ 
environmental compliance, engineering evaluation, and other needs.  A corporate culture of quality and 
continuous improvement is maintained as a positive and desirable aspect of business operations. 
 
Both qualitative and quantitative factors contribute to field measurement uncertainty and should be 
taken into consideration when interpreting test program results.  Whenever possible, Montrose 
personnel reduce the impact of these uncertainty factors through the use of approved and validated 
test methods.  In addition, Montrose personnel perform routine instrument and equipment calibrations 
and ensure that the calibration standards, instruments, and equipment used during test events meet, at 
a minimum, test method specifications as well as the specifications of our Quality Manual and ASTM D 
7036-04.  Limitations of the various methods, instruments, equipment, and materials to be utilized 
during this test have been reasonably considered, but the ultimate impact of the cumulative uncertainty 
to the final data may not be quantifiable. 
 
All calculations were conducted in strict accordance with the equations found in the individual Methods.  
Strict QA/QC protocols were followed during all phases of this project.  These protocols included: 

 • QA objectives for measurement data; 

 • Data reduction; 

 • Internal QC; 

 • Calibration of equipment; 

 • Corrective action, if necessary; and 

 • Use of standardized field data sheets. 
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These specific procedures in addition to Montrose's usual high standard of quality control aid to validate 
the results obtained during this test program.  As the majority of our emissions testing work are done for 
compliance purposes, strict QC procedures are incorporated into our everyday work performance. 

The remainder of this section summarizes specific quality assurance aspects of the test program.  

5.2 CEMS QA 

Specific procedures were followed to ensure the validity of the CEMS data collected for this task.  The 
following subsections outline the specific procedures and performance criteria that were utilized to 
maintain quality assurance throughout the program.  

5.2.1 Leak Check  

Prior to the initiation of testing, the CEMS was leak checked from the end of the sampling probe by 
ensuring that the system vacuum reaches the capacity of the sampling pump (~20”Hg) while all 
rotameters indicate no flow.  If a leak were detected, it would be traced, fixed and the leak check 
procedure would be repeated until successful. 

5.2.2 System Response Time  

Prior to the initiation of sampling, a Reference Method (RM) CEMS response time was determined.  
During the test program, the reference method CEMS was allowed to sample a minimum of 2.0 times 
the RM CEMS response time prior to the initiation of any sampling runs.  

5.2.3 Calibration Gases 

All calibration gases utilized were prepared according to EPA Protocol G1 quality standards.  The 
cylinder gas certification sheets supplied by the vendor are presented in Appendix C2. 

5.2.4 Calibration Criteria 

The following subsections present the CEMS criteria that were adhered to throughout the conduct of 
the test program. 
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• Analyzer Calibration Error (ACE) – At the beginning of each test day, an analyzer calibration 
error (direct calibration) was conducted for each analyzer by introducing zero and an upscale 
calibration gas upstream from the respective analyzers and calibrating the respective analyzers 
to the corresponding calibration gas value.  A mid-range gas was then injected to the respective 
analyzers in order to demonstrate linearity.  The maximum allowable calibration error is 2% of 
instrument span.  If this limit were not achieved, corrective action would be taken and the 
procedure would be repeated until successful.  Analyzer calibration error is calculated as follows: 

100×
−

CS
 )C(C

 = ACE vDir  

Where: 

CDir = Measured concentration of a calibration gas (low, mid, or high) when introduced 
in direct calibration mode, ppmvd. 

Cv = Manufacturer certified concentration of a calibration gas (low, mid, or high), 
ppmvd. 

CS = Calibration span, ppmvd. 

 

• Sampling System Bias (SB) – Following the performance of the analyzer calibration error, a 
system bias check was conducted by introducing sampling gas through the entire sampling 
system (system calibration) and comparing the response of the analyzer calibration error with 
that of the system calibration.  The maximum allowable calibration error is 5% of instrument 
span.  If this limit were not achieved, the test run would be voided and corrective action would 
be taken.  If analyzer adjustments were made the analyzer calibration error and system bias 
checks would be repeated until the calibration met the EPA Method 7E criteria.  System bias is 
calculated as follows: 

100×
−
CS

 )C(C
 = SB Dirs  

Where: 
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  Cs = Measured concentration of a calibration gas (low, mid, or high) when introduced in 
system calibration mode, ppmvd. 

• Calibration Drift (D) – Prior to and following each test run a system calibration was conducted in 
order to determine calibration drift during each test period.  The maximum allowable calibration 
drift is 3% of instrument span.  If the calibration drift were exceeded, corrective action would 
have be taken.  If any analyzer adjustments were made, a new analyzer calibration error and 
system bias check would be conducted.  Calibration drift is calculated as follows: 

100×− iniitalfinal SBSB = D   

5.2.5 Calibration Drift and System Bias Correction  

Each instrumental analyzer method requires the correction of CEMS data for the system bias and 
calibration drift observed over each test period.  All run averages were corrected for system bias and 
calibration drift as follows:   

]
C - C

C[ )C - (C = C
oM

MA
oAvgGas  

Where: 

CGas  = Average effluent gas concentration adjusted for bias, ppmvd. 

CAvg = Average unadjusted gas concentration indicated by data recorder for test run. 

Co    = Average of initial and final system calibration bias (or 2-point system calibration error) check 
responses from the low-level (or zero) calibration gas, ppmvd. 

CM    = Average of initial and final system calibration bias (or 2-point system calibration error) check 
responses for the upscale calibration gas, ppmvd. 

CMA  = Actual concentration of the upscale calibration gas, ppmvd.  
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5.2.1 Determination of Stratification  

For each outlet test location, a determination of stratification was made in accordance with Section 8.1.2 
of EPA Method 7E, 40CFR 60, Appendix A.  As such, a single opening probe was traversed for 3-
minutes/point at 16.7, 50 and 83.3 percent of the stack diameter.  An average diluent or pollutant 
concentration was determined for each point and subsequently compared to the average pollutant 
concentration of all three points.  If each point differed by no more than 5% or 0.5ppm (or 0.3% for O2) 
from the mean pollutant concentration (whichever is less restrictive) then the gas stream was considered 
not stratified and sampling was conducted from the point which most closely matched the average 
concentration.  If this criterion were not met but all points were within 10% or 1.0ppm (or 0.5% for O2) 
then the gas stream was considered minimally stratified and testing was conducted at 3 points during 
each test run (16.7, 50 and 83.3% of stack diameter).  If neither of these criteria were met the gas stream 
was considered stratified and testing was conducted in accordance with Table 1-1 or 1-2 of EPA 
Method 1 40CFR 60, Appendix A. 

It should be noted, for this test program the most stringent criteria was met for each outlet (as 
previously noted traversing the inlet was not possible).  Hence, a single point sampling strategy was 
employed.  Copies of the stratification test results for both sources are presented in Appendix C1. 

5.3 Emission Rate Calculations 

The following equations were used in calculating emissions in units of applicable standard throughout 
the test program. 

5.3.1 ppmvd@15%O2 Emission Rate Calculation 

Emissions (ppmvd) corrected to 15%O2 basis was calculated in accordance with the following equation. 

]
O - 

[ C = E
d

d

%9.20
9.5

2  
Where: 

E  = pollutant emission rate, ppmvd@15%O2 

Cd  = pollutant concentration, ppmvd  

%O2d = Concentration of oxygen, %vd 
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5.3.1 Removal Efficiency Calculation 

Removal Efficiency was determined utilizing the following equation. 

100×− ]
C

CC[  = R
i

oi  

Where: 

R = percent reduction of CO emissions. 

Ci = concentration of CO at the control device inlet 

Co = concentration of CO at the control device outlet 

5.4  Equipment Calibrations 

Montrose’s pitot tubes, thermocouples and barometers are maintained in accordance with specifications 
set forth in EPA "Quality Assurance Handbook for Air Pollution Measurement Systems - Volume III 
Stationary Source Specific Methods" and with manufacturer’s suggested procedures.  A summary is 
presented below: 

• Thermocouples - All type K thermocouples are calibrated against an NIST-traceable digital 
thermometer at either two or three points, depending on the application of the thermocouple. 
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